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Abstract 
Fatigue behaviour of high chromium steel (HCS) for rolls is presented. Rolls are double layered and they are predicted to be used 
at roughing stands in hot strip mills. Shells of rolls are made of high chromium steel and for cores a combination of pherlitic –
ferritic nodular graphite iron is used. Due to compression loading of rolls, where slabs are reduced to the long stripes, special 
specimens have been used and tested under compression loading conditions. The tested specimens are manufactured under 
similar conditions (cooling after centrifugal casting, heat treatment, and rough and fine grinding) as real rolls. The residual 
stresses as a consequence of mechanical and thermal treatment of rolls (specimens) are considered during experimental 
determination of treated material parameters and are not taken into account in the subsequent calculation procedures.  The tests 
specimens have been loaded with pure pulsating compression load (load ratio R = 0 in compression) at different load levels. 
Therefore, a typical S-N curve and appropriate fatigue parameters (fatigue strength coefficient Vf’ and fatigue strength exponent 
b) are determined. The experimental results determined in this study can serve as a basis for the further determination of service 
life of rolls using stress-life approach. 
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1. Introduction 
Rolling is a process where metal is plastically deformed because it is subjected to high compressive stresses by 
passing between rolls [1, 2]. It provides high production and close control of final products. To achieve this goal, the 
appropriate material of rolls should be chosen and the rolls must be manufactured and thermally treated in such a 
way that they will operate certain service life under given loading conditions. 
Different type of rolls according to dimensions and materials are used for different stands in mill. Rolls which 
operate at roughing stands in hot strip mills are normally double layered. Cores are a combination of pherlitic –
ferritic nodular graphite iron and for shells high chromium steel is used. High chromium steel shells of rolls are spin 
cast. The high spinning speed creates a centrifugal force to push the molten metal to fill the mold. 
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To determine the service life of rolls regarding contact fatigue a stress field between rolls and forming metal 
should be known. The stress field in the contact area of roll can be for simple cases determined analytically using 
contact theories as described in [4]. For more comprehensive studies with considering the multi-axial state of stress 
and additional thermal loading due to hot forming metal the appropriate stress field can usually be determined by 
means of finite element analysis (FEA). The other parameters influencing the fatigue behavior of roll are the high 
cycle fatigue parameters Vf’ and b, defined as the fatigue strength coefficient and the fatigue strength exponent 
respectively. 
In presented work a theory of high cycle fatigue or stress-life approach is assumed to be used for determination 
the service life of working rolls. Stress-life approach is usually used for design the cyclically loaded engineering 
components and structures that operate in the median fatigue area of S-N curve (see Fig. 1), where N is the number 
of cycles to failure and ıa is the alternating stress [3]. There are many models depicting SN curves, and these 
usually imply a medium fatigue life, which can be mathematically expressed using the following equation written in 
two different forms [5]: 
 
a = f’ (2 N)b  (1) 
 
N = (a / (f’ 2b))1/b  (2) 
 
From Eq. (1) the allowable alternating stress Va can be determined if the service life (number of cycles N) is 
known or given in advance. For known alternating stress the appropriate number of loading cycles in the expected 
service life can be determined from Eq. (2). 
 
 
Fig. 1. Stress–life (S–N) fatigue curve plotted on log – log scales for compression pulsating stress 
2. Experimental testing 
The determination of high–cycle fatigue parameters ıf’ and b were carried out by using the test specimens as 
shown in Fig. 2. Specimens were cut out of the roll shell by using an abrasive water blast. Therefore, they have the 
similar material characteristics as a roll.  
Chemical composition of tested material is represented in Table 1. The material microstructure is shown in Fig 3 
(specimens were etched with 2 % Nittal). It is evident that the microstructure of HCS is composed of martensitic 
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matrix with primary eutectic carbide M7C3 segregating along grain boundaries. After special heat treatment the 
secondary carbides M23C6 participate in the matrix. Both type of chromium carbides making the hardness, tensile 
and compression strength and wear resistance higher than that of other alloys. 
 
 
Fig. 2. Test specimen 
 
 
Fig. 3. Microstructure of the material HCS at 100x, 200x, 500x and 1000x zoom with M7C3 and M23C6 carbides 
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20 ȝm 50 ȝm M7C3 M23C6 
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Table 1. Chemical composition of the material (high chromium steel-HCS) 
Element Cr Si Mn P S Cr Ni Mo V 
% 1.6 ÷ 2.0 % 0.4 ÷ 0.8 % 0.7 ÷ 1.1 % < 0.06 % < 0.03 % 11.0 ÷ 13.0 % 1.0 ÷ 2.0 % 1.5 ÷ 4.5 % 0.2 ÷ 0.5 % 
 
 
Before the fatigue tests the monotonic compressive test has been made using the same specimen as shown on Fig. 
2. To compare the differences between compressive and tensile strength of HCS the monotonic tensile test has also 
been done using a specimen B 10 x 50 according to DIN 50125 standard [6]. 
 
The fatigue tests have been done on the servo–hydraulic fatigue test machine Instron 1255 with a computer aided 
control unit and an Instron 8500 data recording system. Ten specimens have been tested on different load levels. On 
the basis of the monotonic compression test the first load level belonging to the first specimen was set up a little bit 
lower if compare to the compressive yield stress determined by the monotonic compression test. The compressive 
loading of the subsequent test specimens has then been reduced in order to increase the loading cycles to failure. The 
experimental results have then been plot in S-N diagram as presented in section 3.  
 
According to the operating conditions of rolls which are subjected to the compressive contact loading, the test 
specimens have been loaded with pulsating compression load (load ratio R = 0 in compression) as shown in Fig. 1. 
This is not in agreement with the standard rotating bending test according to DIN 50113 standard [5], where the 
specimen is subjected to fully reversed loading (load ratio R = 1).  The proposed testing procedure (R = 0 in 
compression)  enables the direct determination the service life of real contacting components (rolls) using eq. (2) 
without consideration of mean stress effect which is not the case when determining the service using material 
parameters Vf’ and b previously determined for fully reversed loading. 
 
 
 
 
Fig. 4. Test machine Instron 1255 
Specimen 
Hydraulic jaws 
Hydraulic jaws 
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3. Results 
Fig. 5 represents the compression vs. tensile stress–strain curve, from which the ultimate compression and tensile 
strength can be recorded. It is evident that the ultimate compression strength (| 2345 N/mm2) is for treated material 
HCS almost 2.5-times larger than the ultimate tensile strength (| 932 N/mm2).  
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Fig. 5. Compression vs. tensile stress–strain curve 
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Fig. 6. Stress–life fatigue curve plotted on log – log scales for compression pulsating stress 
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Fig. 6 shows the stress–life fatigue curve plotted on log–log scales for compression pulsating stress. Six 
specimens have been tested to determine the material parameters Vf’ and b in the median fatigue area (see Fig. 1). 
Additional four tested specimens were not taken into account when determining the parameters Vf’ and b because 
the number of loading cycles until the failure exceeded 107 cycles (area of the fatigue limit). It is evident from Fig. 6 
that with the increasing of the loading cycles N, the alternating stresses ıa decreases very slowly (the fall of the 
alternating stress is in the range of loading cycles 0 to 106 a little more than a 100 N/mm2).  
 
The experimental results (S-N data) have then been mathematically analyzed where the least squares method [7] 
has been used to determine the correlation line between experimental points. Therefore, the high cycle fatigue 
parameters for High Chromium Steel (HCS) for pulsating compression load (R = 0 in compression) result in:  
 
x fatigue strength coefficient : ıf’ | 1032 N/mm2 
x fatigue strength exponent: b |  0.008 
4. Conclusion 
An experimental investigation of the mechanical properties and the high–cycle fatigue parameters of High 
Chromium Steel (HCS) are presented. The results of the monotonic tensile and compressive test show that the 
ultimate compression strength (| 2345 N/mm2) is almost 2.5-times larger than the ultimate tensile strength (| 932 
N/mm2). The results of the fatigue tests (see S-N diagram in Fig. 6) show a good resistance of treated material again 
compression pulsating loading (the alternating stress ıa decreases very slowly by significant increasing of loading 
cycles to failure N). 
 
The experimental results presented in this paper can serve as a basis for the further investigations regarding 
fatigue behavior of high chromium steel for rolls. Because the rolls are usually operating at roughing stands in hot 
strip mills, the similar fatigue test should be done by increased temperatures. To determine the service life of rolls 
regarding contact fatigue phenomenon the exact stress field in the contact area between rolls and forming metal 
should be known. Therefore, a comprehensive numerical analysis considering the material properties under 
increased temperature should be done for that purpose. Considering the multi-axial state of stress in the contact area 
an appropriate fatigue criterion should also be used for real determination of service life of rolls.     
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